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1THE RE-DE3IUN OP THE UNIVERSITY AUDITORIUM WITH TWO BALCONIES.
This problem involves a study of Acoustics, a sub­
ject of great importance to the architect, but one about which 
it is difficult to obtain information. A few scientists have 
done pioneer worK in investigating different phases of it, but 
theory and practice are not yet sufficiently harmonized so that 
reliable information is obtainable and until scientific theo­
ries are reduced to concrete formula architects will continue to 
trust to lucK to give them a combination of conditions which 
will result satisfactorily. Under these circumstances an ar­
chitect can hardly be held responsible for faulty acoustics 
but whenever the scientists solve the problem and the informa­
tion is put in tangible form the architects must be ready to 
modify their conceptions of auditorium design in accordance 
therewith.
The source of sound sends out energy in the form of 
longitudinal compressional waves requiring the air as a medium 
for their propagation. sound travels at a rate of 1100 or 
1200 feet per second. It is lixe light in that when it striKes 
a surface the angle of incidence is equal to the angle of re­
flection. The limit of perceptibility, the shortest time that 
can elapse between two successive sounds so that the ear detects 
no overlapping of pulses, is one-fifteenth second, which time 
allows sound to travel 75 or S O feet. Hence if the last reflec­
ted sound reaches the hearer’s ear within one-fifteenth second 
of the first direct sound, or if this last reflected sound does
2not have to travel more than 70 feet farther than the first, it 
will he as one sound. From these three facts much may he ac­
complished toward the perfection of the acoustics of any audi­
torium and the violation of the rules which they suggest is 
clearly evident in the University Auditorium as will he seen la­
ter.
There are certain characteristics of sound which 
might he mentioned here although not all of them can he used in 
a large auditorium.
Resonance is the responding of anything to a certain 
sound. in the Greek theatres they used vessels of different 
sizes to resonate the different tones. But at present it is 
generally the response of woodwoork finishing, such as wainscot­
ing. If not all the different pitches are resonated there is 
a difference in the quality of their tones. Resonance softens 
and prolongs the sound. It is produced at the expense of de­
flected sound.
Reverberation is prolongation of tone produced hy re­
peated deflections of the various portions of a single sound 
wave. This,similar to resonance is agreeable in small halls 
where it can he handled. professor Sabine gives 1.1 as the 
duration of time most pleasing. The number of deflections in 
a certain duration of time and the absorbing power of the de­
flecting surfaces could be so figured as to bring about the de­
sired result in a small auditorium. But where the dimensions 
are over forty or fifty feet matters become complicated so that 
the feature has to be abandoned and avoided.
Sound may be deflected three or four times from walls
3
or ceilings, while the audience absorbs it. Professor Sabine 
gives some interesting data as to the absorbing qualities of 
different materials:
Walls, floor and celling surfaces such as wainscoting 
wood or marble flooring,plastering,glass,and masonry, absorb no 
sound.
Heavy curtains, rugs, and carpets without batting ab­
sorb one-fourth of the sound. Carpeting upon heavy batting 
absorbs one-half. Cushion upholstering, and heavy felting hung 
free absorb three-fourths. Audience and heavy upholstering ab­
sorb all of the sound. These figures are within five per cent.
It must be borne in mind, however, that doubly curved 
surfaces can not be successfully covered with absorbing materials 
and therefore should be used with great caution by the designer.
Distinctness is the one important item which we have 
to strive for in this problem. It is: no sound interference, 
excessive reverberation, or echo, sound interference is some­
thing which can hardly be avoided and is not serious unless di­
rect interference such as deflection from the rear wall which is 
entirely objectionable.
Echo in an auditorium results from the repeated de­
flection of some sound or group of sounds in a semi-detached por­
tion of the auditorium, After a perceptible interval of time 
these sounds wander bacK into the audience. This happens when 
the absorbing capacity of such surface is below the average.
This is the one defect which thousands of people have noticed 
in the auditorium and which must be cured in any successful re­
design,
4.
Where there .is no deflection* as In the open sound 
diminishes as the square of the distance from its source# How­
ever, on an open lawn where it is quiet, speaking may he heard 
distinctly for two hundred feet. But for an interior, because 
of sound eddies and the rustle of the audience, fifty feet is 
a corresponding distance.
Bence there are two factors which necessitate differ­
ent treatment for auditoriums whose dimensions are oyer fifty 
feet. Reverberation and echo must be avoided, at the same time 
the sound must be reinforced by deflection which is the only way. 
The most important deflected sounds are those which reach the 
audience after the first deflection. Care must be taken to han­
dle properly even this first deflection,in a large auditorium.
A dome detatched or one directly covering the audi­
torium for that matter, makes trouble which cannot be cured 
without the removal of or padding of same with sound absorbing 
material, (fig. 1 and Fig.2), The mere roughness of a surface 
does not decrease its deflecting power. Prom a detached dome 
sound may be returned to the audience at most any place or time 
according to the size and shape of the dome. (Pig.l) As is 
shown in the diagrams made from experiment in the auditorium 
(Pig.8 ) sound is deflected from the rear wall and main dome 
in succession and back to the speaker upon the stage.
The deflection of sound may be used to advantage if 
in the right direction. By the use of surfaces such as shown 
in Pigs. 3, and 5* the sound niay thrown directly to the 
rear and the audience instead of being allowed to deflect from 
side to side and thereby cause excessive reverberation. (Fig.3) 
?v n ,p us^jaf..a,ailing deflections, sound may be success
5fully reinforced, (Fig,4-).
If it were more practical the side walls might be 
so shaped as to deflect sound into an otherwise partial sound 
shadow, (Fig.5) This is an ideal condition which can be ob­
tained possibly in only a part of the auditorium. In this par­
ticular auditorium the fore parts of the walls may be used for 
that purpose provided that the rear wall is padded with sound 
absorbing material, The rear parts of these circular side walls 
are objectional reflectors in that they reflect the sound bacK 
toward the front and toward the opposite side or wall. However, 
to change them to the proper shape for deflecting would entail 
great expense as well as loss of room.. so the practical so­
lution is to treat them similarly to the rear walls or by breaK- 
ing up the surfaces with panels or relief ornamentation.
The objections! reverberation and echo caused by a 
cylindrically vaulted ceiling of the First congregational Church 
of NangatueK, Connecticut, was remedied by coffering this for- 
marly plain ceiling.
In the House of Representatives of the Rhode Island 
Capitol, deflection from the side walls was objectionable. Tiw 
were panelled, suitable felt was placed on the plaster and deco­
rated,which scheme harmonized with the rest of the design.
In the Metropolitan Museum of Arts, objectional walis 
were covered with felt which was covered in turn with burlap. 
Also an objectionable domed celling was coffered,
For the New Theatre of New YorK City, instead of re­
constructing the ceiling, that is bringing it down lower to pre­
vent echo, a canopy oval in plan, and with the longer axis of
670 feet parallel to the stage. This canopy was suspended 20 
ft. below the ceiling and did not have to he nearly so large 
as the ceiling in order to break the echo.
An objectionable high ceiling in the chapel of the 
Union Theological seminary was cured with visible structural
woodwork of the Gothic style.
Dr. Watson of the Physics Department has made a study
of the conditions at the Auditorium, and has found interesting 
facts although he has not completed his experiments there as 
yet. He has made the following practical suggestions for 
doctoring the interior instead of entirely changing it.
1. Rows of windows on each side above the present 
balcony carried through to the outside wall and with deep re­
cessed heads.
2. Finish the ceiling by means of transverse radial 
and circular rib work substantially as indicated in the first 
draft of preliminary drawings.
3. carpet all the wood floors with Wilton carpet.
!i. install an adequate system of ventilation, sup­
ply air through floors and exhaust it from the ceiling and from
the heads of the windows in the side walls.
as to the deflections from the side and rear walls 
above the balcony which are the most objectionable, the addi­
tion of a second balcony will practically solve that difficulty.
in view of the fact that deflected sound is needed 
the writer has attempted to design a proscenium arch to serve
that purpose. lie has also tried to redesign the ceiling for
7
the same purpose, bringing it low enough to prevent echo.
In designing an auditorium it seems as if the proper 
shape for acoustics should first be secured, and-then the archi­
tectural construction and decorations made to conform to that 
shape as nearly as possible. In the present problem however, 
this scheme cannot be followed closely. Existing columns and 
trusses maxe restrictions which change the shape from what it 
would otherwise be. However, these objectionable reflecting 
surfaces which will be few after the addition of the second bal­
cony, may be padded successfully in panel effect. The most 
prominent of these surfaces will appear just outside of the 
north side entrance doors to the balconies, in general the de­
flection from the sections of wall between the two balconies 
and above the second balcony will be taxen care of by the low­
est projection of the second balcony and that of the widely 
coved ceiling respectively.
As the auditorium is to be extended southward the 
stage may be moved and enlarged in that direction and a stage 
house built so that it may be used for either of two auditoriums,
The illustrations, Pigs. 7 and 8, show the paths of 
echo from present conditions.
The sections in Pigs. 9 and 10, show the ideal shppes 
for proper deflection. The parabolic cross section of the cell­
ing, Pig.10, with the focal point a little below the centre of 
the stage gives proper deflection from that surface. These 
have been approached in a more architectural and practical de­
sign.
8.
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